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Description 

Turbomachine, in particular a gas turbine 

5 The present invention relates to a turbomachine, in particular 
a gas turbine with a compressor, having a rotor rotatably 
mounted in a casing of the turbomachine, having a feed passage 
arranged in the rotor and intended for feeding a fluid, and 
having a discharge passage arranged in the rotor and intended 
10 for discharging the fluid. Furthermore, it relates to a method 
of accelerating a temperature change in a rotor rotatably 
mounted in a turbomachine . 

The steady-state operation of turbomachines , in particular gas 
15 turbines, is known in the prior art. In the endeavor to achieve 
a ■ high efficiency, modern gas turbines, for example, with 
regard to their design, are constructed with the smallest 
possible radial gaps between the rotating elements and the 
elements arranged in a rotationally fixed position, for example 
20 between an inner wall of the flow passage of a gas turbine and 
moving blades arranged on a rotor of the gas turbine or between 
the rotor and guide blades arranged on the inner wall of the 
flow passage. 

25 To set the radial gap, DE 44 11 616 shows a heating/cooling 
system for a rotor of a turbomachine. The temperature of the 
rotor is adapted during the transient operation of the 
turbomachine by virtue of the fact that a fluid affected by 
temperature can flow through the rotor via the activation of 

30 external valves. 

Furthermore, US 5,271,711 discloses rotor cooling for a gas 
turbine. Extending along the rotor is an annular space in which 
cooling air is directed from the compressor-side end of the 
35 rotor to the combustion-chamber-side end. At its outer 
boundary, the annular space has cooling-air openings in order 
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rotor disks. During the load operation of the gas turbine, the 
cooling air cools the intermediate spaces of the rotor disks. 

The rotor-disk cooling of a gas turbine during the load 
operation has also been disclosed by DE 665 762. 

In addition, it is known that the limits for the reduction in 
the radial gaps are established by the hot-start problem. The 
hot-start problem occurs if, during the shutdown, that is to 
say during the cooling phase, of the gas turbine, the latter is 
restarted in the not yet completely cooled state. In the 
process, the rotor may jam in the flow passage, since the 
casing cools down more quickly than the rotor together with the 
moving-blade wheels and moving blades arranged on it. The still 
hot rotor cooling down more slowly cannot follow the thermally 
induced reductions in the dimensions of the casing. If the 
radial gaps are dimensioned to be too small, the blades 
lengthening on account of the centrifugal -force expansions will 
therefore jam the not yet completely - cooled rotor after 
restarting of the gas turbine. This not only prevents the rotor 
from being able to rotate but also leads to costly damage to 
the gas turbine. Furthermore, the operating periods of the gas 
turbine are reduced, since the predetermined cooling phase must 
first be effected after the end of the firing of the gas 
turbine before the gas turbine can be safely restarted. 

On the other hand, radial gaps which are dimensioned to be too 
large lead to an undesirably low efficiency of the gas turbine, 
since the process gas in the flow passage, in a manner not to 
be disregarded, flows through the radial gaps without 
transmitting at least some of its energy to the blades in 
accordance with the intended purpose. 

This disadvantage becomes especially noticeable in gas 
turbines, since high temperatures prevail here in the flow 
passage. 
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But other turbomachines , such as compressors, steam turbines 
and the like, are also affected by this. 

In particular the shutdown and the start-up of a gas turbine 
require a special procedure for design reasons, since the 
casing of the turbine and also the rotor shaft together with 
the elements arranged on it are adapted to thermal changes at a 
different speed. Special attention is therefore to be paid to 
the shutdown of a gas turbine on account of the problems 
explained above. This results in special requirements which 
must be heeded in order to avoid damage to the gas turbine; 
thus, inter alia, a minimum size of the radial gaps. 

On the one hand, sufficiently large radial gaps are to be 
provided in order to avoid "constriction" of the rotor shaft 
with the elements arranged on it, this "constriction" leading 
to the jamming of the rotor in the casing. On the other hand, 
large radial gaps lead to the reduction, already mentioned, in 
the efficiency of the gas turbine. A further important aspect 
to be taken into account concerns the maintenance of the 
turbine, since maintenance cannot be carried out until after 
completion of the cooling phase of the gas turbine. As a rule, 
the period of time between the end of the firing of the gas 
turbine and the start of the maintenance work is about 24 
hours. During the shutdown, the rotor shaft is continuously 
rotated at a reduced speed, for example at a speed of about 120 
revolutions per minute, in order to shorten the cooling phase. 

An object of the invention, then, is to specify a device and a 
method with which the gap size of the radial gaps of the 
turbomachine is reduced in order to achieve a higher 
efficiency. It is also an object of the invention to specify a 
turbomachine having a reduced downtime and cooling phase. 
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To achieve the first -mentioned object with regard to a 
turbomachine mentioned at the beginning, it is proposed with 
the present invention that the feeding opening of the feed 
passage lie radially further on the inside than the outlet 
opening of the discharge passage, and that the means for 
influencing the fluid flow be formed by an actuating 
arrangement dependent upon centrifugal force. 

With the present invention, for the first time, the thermal 
state of r the rotor of the turbomachine, i.e. of the rotor shaft 
together with the elements arranged thereon, can be influenced 
irrespective of " a flow of the working fluid of the 
turbomachine. During the shutdown, the rotor is driven at a 
comparatively low speed for cooling the turbomachine, so that, 
instead of the working fluid, a comparatively low flow flows in 
the flow passage, this flow merely cooling the rotor 
externally. In the process, the pressure ratios in the flow 
passage are changed relative to the load operation in such a 
way that the inner fluid flow dependent upon the speed of the 
rotor and flowing through the rotor is only comparatively low. 
With the invention, a fluid which is intended for adapting the 
rotor temperature and which effectively cools the rotor during 
the shutdown can now be fed to the rotor. Since the feeding 
opening for the cooling fluid lies radially further on the 
inside than, the outlet opening, greater peripheral speeds 
prevail at the outlet opening than at the feeding opening, so 
that a suction is produced at the outlet openings in the flow 
passage and produces a fluid flow in the interior of the rotor. 
In addition, the fluid in the interior of the rotor flows 
outward in accordance with a centrifuge due to the centrifugal 
force acting on the fluid, which additionally accelerates the 
flow of the fluid outward in the interior of the rotor. 

The rotor cools down more quickly due to the improved cooling of 
the rotor during the rotary operation, as a result of which its 
thermal expansions are likewise reduced more quickly. As a result, 
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thermal regulation of the rotor which corresponds to an 
associated casing temperature can be achieved; a factor which 
permits smaller dimensions of the design-related radial gaps 
and thus increases the efficiency of the turbomachine during 
load operation. Energy costs can be saved and the energy output 
can be increased. The invention has an especially advantageous 
effect in gas turbines, since especially high temperatures and 
resulting high temperature differences occur here. In addition, 
a cooling phase shortened compared with the prior art can be 
achieved before a renewed hot start of the turbomachine. An 
acceleration of the temperature change of the rotor can be 
achieved. 

Especially simple control of the fluid flow is provided for by 
an independent actuating arrangement dependent on centrifugal 
force. This actuating arrangement may be designed, for example, 
as a sealing element, a shutoff element or the like. The fluid 
feed inside the rotor shaft can be influenced with the 
actuating arrangement for influencing the fluid flow. A 
plurality of shutoff elements may also be provided so that 
locations to be thermally regulated can be thermally regulated 
as desired and independently of one another. It is possible to 
supply axially spaced-apart regions in the turbomachine with a 
different fluid quantity in order to be able to take into 
account an axially different thermal stress. 

If the rotor drops below a limit speed during the shutdown, the 
actuating arrangement opens the feed passage, so that a fluid 
flow can be set. During the load operation of the turbomachine, 
the actuating arrangement closes the feed passage, since 
otherwise, as a result of the pressure level prevailing in the 
flow passage, a fluid flow would flow from the discharge 
passage through the rotor to the inlet passage as leakage of 
the flow medium. 
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Also in the opposite operating case, when running the gas 
turbine up to speed, the start-up can be advantageously 
assisted with the device according to the invention by the 
rotor shaft with the elements arranged thereon being brought to 
a corresponding temperature more quickly. If a further 
predetermined speed of the rotor shaft is exceeded, the 
actuating arrangement can shut off the fluid feed. The 
predetermined speed may be selected to be identical or also 
different for both procedures. 

In a further configuration, it is proposed that the means for 
influencing the fluid flow be connected to the discharge 
passage via a gap formed between moving-blade wheels and an 
element projecting axially through the rotor shaft. In 
particular in gas turbines of larger type of construction, the 
rotor shaft has axially arranged moving-blade wheels through 
which, for example, a tie rod or the like projects axially. 
Gaps may be formed in each case between the tie rod and the 
moving-blade wheels, through which gap the fluid passes to the 
locations to be thermally regulated. Additional passages for 
fluid can be dispensed with. However, the passages may also be 
cooling passages of a cooling , system implemented in the 
turbomachine . 

Furthermore, it is proposed that the discharge passage have a 
throttle element. Feeding of the fluid in accordance with the 
requirements can be achieved with the throttle element. In 
addition, the arrangement of throttle elements results in the 
fluid being distributed in accordance with the intended purpose 
to the locations to be thermally regulated. Control means for 
the fluid feed can be dispensed with. Furthermore, this 
configuration provides high reliability, since it does not need 
movable parts. The maintenance cost can be kept low. 

In a further configuration, it is proposed that the discharge 
passage open into the flow passage of the turbomachine. 
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Additional discharge means for discharging the fluid after the 
flow through the locations to be thermally regulated can be 
dispensed with. The invention may also be advantageously 
provided at a low cost in already existing turbomachines . 

In an advantageous development, it is proposed that, to 
discharge the fluid from the rotor, the discharge passage open 
into the flow passage between moving-blade wheels arranged on 
the rotor shaft. Additional design measures for discharging the 
fluid can be dispensed with. Simple implementation of the 
arrangement in already existing designs can be achieved. 

If the turbomachine is designed as a gas turbine, the feed may 
be provided at the compressor-side end of the rotor shaft. Thus 
cool fluid can be extracted in an especially simple manner from 
the inflow region of the compressor for cooling the rotor. 

Furthermore, a method of cooling a rotor, through which a 
cooling fluid can flow, of a turbomachine, in particular a gas 
turbine with a compressor, is proposed with the invention, a 
fluid for cooling the rotor flowing through the latter during a 
rotary operation following the load operation of the 
turbomachine . 

The cooling phase of the turbomachine can be considerably 
shortened by the cooling. This leads during maintenance work to 
a reduction in downtimes and thus to a reduction in associated 
costs. In addition, the availability of the turbomachine can be 
markedly increased. Furthermore, the risk of jamming of the 
rotor of a gas turbine during a hot start and damage caused as 
a result can be further reduced. Especially at a low speed of 
the rotor shaft, a cooling effect of a cooling system 
implemented in the 
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turbomachine is often not sufficient. A remedy can be provided 
here by the present solution. 

The rotor shaft can therefore be brought to the desired 
temperature much more rapidly than hitherto. The invention may 
also be used for the thermal regulation, that is to say for 
setting the temperature, of the entire rotor shaft and/or of 
the elements arranged on it, such as moving blades and the 
like . 

In a further configuration, it is proposed that a fluid for 
heating the rotor flow through the latter during a start-up 
operation carried out before the load operation of the 
turbomachine. It is thus possible, for example, for a 
turbomachine stored at very low temperatures to be heated 
during the start-up operation, a factor which permits rapid 
heating of the rotor. 

In order to further improve, for example, the start-up of a / 
turbomachine with a predetermined efficiency, it is proposed 
that a fluid flow for heating the rotor shaft be made possible 
during a start-up operation carried out before the load 
operation of the gas turbine and that the means control the 
fluid flow in such a way that a fluid flow is prevented during 
the load operation of the turbomachine. Thus the temperature of 
the rotor shaft and of the elements arranged on it can be 
advantageously adapted to the temperature of the casing. The 
radial gaps provided from the design point of view between 
rotating and nonrotating elements can be further reduced. In 
addition, the risk of jamming can also b,e reduced here and a 
working-medium leakage flowing through the rotor can be 
prevented. 

Furthermore, it is proposed that the fluid used be air. The use 
of air provides a cost-effective fluid which can be used for 
the thermal regulation, for both cooling and heating. In 
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particular in gas turbines which already have a cooling system 
provided 
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for air, this cooling system may also be used for the method 
according to the invention. In addition, compared with other 
fluids, air has the advantage that no special requirements with 
regard to physical or chemical stresses are to be taken into 
account in conventional gas turbines. 

Further advantages and features can be gathered from the 
description below of the exemplary embodiments. Components 
which are essentially the same are designated with the same 
reference numerals. Furthermore, with regard to identical 
features and functions, reference is made to the description 
with respect to the exemplary embodiment in fig. 1. 

In the drawing: 

fig. 1 shows a schematic circuit diagram of an air supply 
according to the invention for a gas turbine, and 

fig. 2 shows a partly sectioned view of a gas turbine having a 
cooling-air supply according to the invention. 

Schematically shown in fig. 1 is a compressor 14 which draws in 
air, compresses it and feeds it to a compressed-air tank 13 via 
a line 15. The compressed-air tank 13 is fluidically connected 
via a line 15a to a feed passage 4 arranged in the rotor shaft 
2. The feed passage 4 ends at a shutoff element 10, which is 
actuated as a function of the speed of the rotor shaft 2 via an 
actuating mechanism which is arranged in the rotor shaft 2 and 
is not shown in any more detail. Furthermore, the shutoff 
element 10 is connected to further passages which are formed by 
gaps 8 and are in turn fluidically connected to throttle 
elements 11. The outlets of the throttle elements 11 open 
between guide-blade wheels 7 into the flow passage 12 of the 
gas turbine 3 . 



0 
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Fig. 2, in a partly sectioned view, shows a detail of a gas 
turbine 3 in the region of the compressor inlet. The gas 
turbine 3 has a casing 1 and a rotor shaft 2 rotatably mounted 
therein. In a compressor, guide blades 17 connected to the 
casing are arranged between the moving blades 9 arranged on the 
moving-blade wheels 7 . Arranged in the rotor shaft 2 is a 
controllable shutoff element 10 which can be supplied with 
cooling air via a feed passage 4 which has a feeding opening 4a 
and is likewise arranged in the rotor shaft 2. Via an actuating 
element which is not shown in any more detail and can be 
controlled by a centrifugal force, the shutoff element 10 can 
be switched over between the open state and the closed state. 
The actuating element is in this case designed in such a way 
that it switches the shutoff element 10 into the open state 
when the speed drops below a predetermined value. When the 
predetermined speed is exceeded, the shutoff element 10 is 
closed. Alternatively, the speeds initiating an actuation may 
also deviate from one another. 

The rotor shaft 2 has a center hollow shaft 19 (Fig. 1) and a 
rear hollow shaft 20, between which the moving-blade wheels 7 
of the compressor are arranged. Not shown is the fact that the 
moving-blade wheels 7 of the turbine, which are designed in a 
similar manner to those of the compressor, follow after the 
rear hollow shaft 20. The hollow shafts 19, 20 of the moving- 
blade wheels 7 are operatively connected to one another in a 
rotationally fixed manner by means of a tie rod 18 projecting 
through the hollow shafts 19, 20 and the moving-blade wheels 7. 
Via gaps 8 which are connected to the feed passage 4 and are 
inherently present, the cooling air is directed from the 
shutoff element 10 to the throttle elements 11. The throttle 
elements 11 arranged in the compressor are designed in such a 
way that the throttle effect decreases with increasing axial 
distance from the shutoff element 10 in order thus to 
compensate for pressure losses in the feeding of the cooling 
air via the gaps 8. Adjoining the throttles 11 are discharge 
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passages 16 which are arranged between the moving-blade wheels 
7 and which 
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direct the cooling air into the flow passage 12 of the gas 
turbine 3 via their outlet opening 16a. 

The outlet openings 16a of the discharge passages 16 are 
arranged radially further on the outside than the feeding 
openings 4a of the feed passage 4. 

In order to shut down the gas turbine 3 from an energy- 
generating operating state, first of all the fuel feed to the 
gas turbine 3 is shut off. 

With decreasing speed, the self-cooling of the gas turbine 3 
also decreases and the pressure ratios in the compressor and 
also in the turbine change substantially. If the rotor shaft 2 
drops below the predetermined speed, the shutoff element 10 
switches over to throughflow via the actuating element so that 
the air passes through the feed passage 4 via the gaps 8 to the 
throttle elements 11. The throttle elements 11 produce an axial 
pressure distribution in the compressor, so that, the further 
away the moving-blade wheels 7 of the compressor are from the 
actuating element, the greater the amount of cooling air which 
can be admitted to them. In the turbine, less cooling air is 
admitted to the moving-blade wheels 7 which are further away 
from the actuating element than to the moving-blade wheels 
which are closer to the actuating element. Thus, the rotor 
disks which are close to the combustion chamber and are 
subjected to higher thermal loading during the gas turbine 
operation are preferably cooled during the rotary operation. 
From the throttle elements 11, the air passes into the flow 
passage 12 of the gas turbine 3 via outflow passages 16 
arranged between adjacent moving-blade wheels 7. 

During the shutdown, the centrifugal force causes an 
acceleration of the air outward in the rotor. The air flows 
past the moving-blade wheels 7, absorbs the rotor heat in the 
process and leaves the rotor through the outlet openings 16a. 
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In the process, through the open actuating element, the 
outflowing air draws in fresh, cooler and not yet heated air 
through • 
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the feeding opening 4a. The suction effect is intensified due 
to the peripheral speed which occurs at the outlet opening 16a 
and which is greater than that at the feeding opening 4a. This 
ensures a reliable discharge of the heated cooling air and a 
sufficient subsequent flow of fresh, unused cooling air, 
irrespective of whether there is a possible external 
compressed-air supply or not. 

On account of the cooling effect, the cooling phase or the 
shutdown, until maintenance work is carried out or until a 
renewed hot start, can be considerably reduced. Fur thermor e , 
the radial gaps 21 can also be designed to be considerably 
smaller, since a risk of jamming due to quicker cooling of the 
casing 1 relative to the rotor shaft 2 is prevented by the 
cooling according to the invention. The rotor shaft 2 together 
with the elements arranged on it can therefore follow the 
cooling of the casing 1. In addition, this also has an 
advantageous effect during the start-up of the gas turbine 3. 

The exemplary embodiments shown in the figures merely serve to 
explain the invention and do not restrict it. Thus, in 
particular the arrangement of both the passages and the shutoff 
element or also the number of passages and shutoff elements may 
be varied in accordance with the requirements without departing 
from the scope of protection of the invention. The use of 
fluids other than air, such as, for example, nitrogen, carbon 
dioxide or even liquids, may be provided without departing from 
the scope of protection of the invention. In particular, a 
combination of an already existing cooling system with the 
present invention is also included. 

In addition, the present invention is not restricted to use in 
gas turbines . It may of course 
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also be used in steam turbines, compressors and the like. 



